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Abstract 
The purpose of this article is to show / to present that the method of conceptual map in studying, systematization and evaluation 
of Physics knowledge is a method which is based on constructivist learning / studying. We begin with a short introduction, 
necessary to the presentation of the studying theory of Ausubel and Novak, then we will make some references to the notion of 
conceptual map, which shows how we have used this method in teaching, studying and evaluation of Physics and we will end 
with the presentation of some examples that show both the usage modality and the importance of the conceptual maps. This 
method improves the quality of teaching and learning Physics in the pre-university education. 
© 2010 Elsevier Ltd. 
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1. Introduction 
The conceptual map was described for the first time by the psychoeducator Joseph Novak in 1977 (Novak J., 
Grown D., 1984) and is presented like a technique of visual representation of informational structure that describes 
the way in which the concepts interact in a field. The development of these practices with application in Physics is 
based on the theory of D. Ausubel (Paslaru Vl., 2003), on which the efficient studying of new concepts depends on 
the already present concepts in the pupil’s mind and on the relations which are established between these.  
The American psychologist D. Ausubel was interested by the way in which the pupils succeed in studying large 
quantities of information, by the identification of the mechanisms and the factors that ease the learning. In his 
conception, learning is that fundamental process of assimilation and integration of new acquisitions in the context of 
previous knowledge, of already existing cognitive structures (Novak J., Grown D., 1984). Ausubel sustains that 
learning has on the basis mechanisms of extra-ordering, of presentation and combination, mechanisms which 
interfere during the reception of the new information. 
The conceptual maps with application to Physics represent graphic organizers of the way in which knowledge is 
structured on a mental level. Through exposition this graphic form of giving back the mental structures can ease the 
process of structuring the knowledge and evaluation of these. 
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As it comes up from figure 1, the conceptual maps are some specified images of some mental models which 
represent objects or important concepts and the relations between them in a codified manner (King M., 2004). The 
figures and the concepts described in the cognitive maps can be very diverse, from concrete objects to abstract 
concepts. The relations between these can be causative, temporal or spatial. A conceptual map can be drawn as a net 
of such objects, concepts and relations. These maps give the students the possibility of extending the thinking ways, 
of underlining the agreeable or disagreeable areas on which a decision can be finally taken. 
 
 
 
 
Figure 1. The representation of the „conceptual map” notion 
 
2. The conceptual map method – the constructivist method 
The conceptual map method explores the area of the symbolic, metaphysical and constructive potential of the 
human mental, being accepted the fact that there are mental representations, fixed or fluid images (Gardner H., 
2005), which leave traces, send messages, transmit essences of our thinking through a condensed language, 
frequently under iconic shape. 
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The central nucleus of the conceptual map represents the set of arborescent values reflecting a theme or a 
conceptual field (Buzan T., 1979; Neacúu I., 1990; Negovan Valeria, 2004); the diagrammatic representations with 
radial, hierarchic, nonlinear organization; the associative coherent model, branched out by ideas, subjects, concepts, 
themes verbally / written formulated, symbolistic or text, image with visualization frequently coloured, becoming an 
integrative “architecture” easy to remember / memorize and use.  
Intended to grow the taxonomic – systematic power of the pupil’s mind through training (mental fitness), the 
conceptual map method is based on the usage / activation of five modules of objectives and competences units, 
delivered formatively, with the suggestion of being realized temporally 5-10 minutes, as it follows: 
x the preparation / training and introduction in the theory and practicing the conceptual map; 
x the knowledge and examination of the construction of general types of conceptual maps (cobweb, 
generative, fishbone, tabular etc);  
x the correlation of generative conceptual types of maps with the logic of studying the Physics notions on 
the mental map base – logic shaft, decisional shaft, fishbone diagram , the images diagram, 3-D 
multidimensional map etc; 
x the creation, memorizing and innovative studying examination, with usage applied to one unit of 
studying from Physics; 
x the application (optional) of a possible software (e.g. Corel Draw, AutoCad Draw), of conceptual maps 
creating and usage, of specific installing and operating instructions; e.g. the nine types of codes 
attributed to the human intelligence usage . 
The interesting usage of the conceptual map represents the application alternative in the pupils’ groups. 
According to a specialist in the field, J. Budd (Budd John W., 2004), the possible realization of levels would be as it 
follows: 
1. The psychological and educational training of the pupils’ group; 
2. The organization of the pupils/students in small groups (3-5 pupils); 
3. Introduction into the principles, logic and educational values of conceptual map briefing; 
4. The distribution of supporting materials necessary to the activity based on the conceptual map – large 
sheets of paper , colored markers, A4 sheets of paper etc; 
5. Short meeting of micro-brainstorming type on a given theme; 
6. The group registration of the ideas, the criterial organization and their selection on the basis of the ideas 
written on the papers by the pupils;  
7. The ideas ‘expression under the shape of a “map”, with reasons aiming the value of the construction 
form, relevant opinions which reinforce the self trust; 
8. The conceptual map realization as a group product [in alternatives], with their fixation into the group 
consciousness [of the next beneficiaries]; 
9. The displaying of the conceptual maps variants on a panel, with the sustaining through representatives 
of every value on the base of valid criteria. 
The teacher has a role of facilitator, consultant, scientific counselor in the ideas’ classification, in the orientation / 
direction of the mental activism, of the educational interaction stimulating in a pupils’ group. The cognitive 
mediator function (Miclea M., 1998) makes the appearance of the converter answers mechanisms into concrete 
references of conceptual maps elaboration possible. 
The major effect represents the formation of the applicative – reflective competence, based on efficient academic 
learning styles, on epistemic motivation, on accordion processing of “visual – kinesthetic” type, on the social 
interactions power, on the project and experiments elaboration (groups, communities, networks etc). 
3. The conceptual map in teaching, studying and evaluation in Physics 
This method is used by the teacher to get an intuitive approach of a subject in Physics. The open character of this 
method contributes to the pupils’ stimulation and a pretty good profound thoroughgoing study of the taught 
(Edmondson K. M., 1995; Ferry B., Hedberg J., & Harper B., 1998; Horton P. B., McConney A. A., Gallo M., 
Woods A. L., Senn G. J. & Hamelin D., 1993), studied (Chmeilewski T. & Dansereau D., 1998; McCagg E. C., 
Dansereau D. F., 1991) or evaluated (Aidman E. & Egan G., 1998; Rice D., Ryan J., & Samson S., 1998) subject. 
The subject must be well chosen not to require too much from pupils. 
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The conceptual maps suppose the material organization round some key terms. They are placed in the center of 
the reference concept and round it there will be organized connected concepts and derived ideas. The conceptual 
map realization in Physics supposes comparisons, judgments, classifications, differentiations. 
It is an active method that galvanizes the pupils, challenging them to couple what they know with what they want 
to learn. The graphic (visual) representation of some notions or concepts helps the pupil to resort to the previous 
approached information, to analyze, to synthesize, to evaluate and to decide what is essential to know so as to solve 
a learning task in Physics. 
Because the background and the experience differ significantly from teacher to teacher and because the intellect 
processes the information holistically and on the basis of some significances, the teachers interpret and organize the 
information in a personal manner. One of the education objectives is to create to all the students the same 
significances and conceptions concerning a certain reality, for example to lead the pupils to cognitive products 
scientifically validated. 
3.1 The conceptual map in teaching some notions of Physics 
When a new concept is assimilated, for example “Types of movements”, it is important that all the pupils should 
get the common characteristics which define the concept. This thing does not come by itself, the teacher must offer 
the pupils different cognitive organizers to support and direct the personal mental briefings, for example the 
conceptual map from figure 2.  
 
Figure 2. The conceptual map – Types of motions 
 
We begin with the classification of the motions under the trajectory form. In case of the circular motion we offer 
as an example two clips realized in the laboratory. In case of uniform circular motion we chose the earth rotation 
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round its own axe, and in case of ununiform circular motion, the rotation of the turbine wheel palletes from the lab 
model of the hydro – electric station. For linear motions we notice the linear motion accelerated uniform and the 
linear motion slowed down uniform. 
All these are illustrated in clips obtained into a laboratory. In the hierarchical structure of the lesson the laws’ 
presentation of every type of unidimensional motion happens. We have illustrated each of the speed and the space 
with diagrams laws obtained in the case of motions presented in every clip .The sequences of contains presentation 
are accompanied by sequences of evaluation / self-evaluation. Hyperlinks towards the xls files were created on the 
motions’ laws which contain the data of the acquired experimental data in the experiments presented in clips. We 
have formulated some tasks for the pupils, for example: represent graphically the time dependency of the car 
coordination depending on time (figure 3). 
 
 
 
Figure 3. Task of learning 
 
Garabet and Cristina Miron / Procedia Social and Behavioral Sciences 2 (2010) 3622–3631 3627
It is possible to navigate from the xls files to the solution (figure 4) or back to the conceptual map with the hyper 
– link. 
 
 
Figure 4. The solution of the learning task 
 
To remove the disadvantage of the presentation since the beginning of the whole content of the lesson we have 
created the conceptual map in a PowerPoint slide where we have programmed the appearance in turn of the lesson 
sequences, in their natural succession. 
It can be noticed from figure 2 that the conceptual map as a didactic method stimulates the efficient learning and 
the critical thinking through the use of didactic films, realized personally, with the purpose of illustrating types of 
studied motions. 
3.2 The conceptual map in the systematization of some Physics notions 
An example of conceptual map with a purpose of revising in Physics is presented at the theme “Lenses” in figure 
5. This subject was divided in more sequences: the definition of a lens’ characteristics, the definition of the 
characteristic sizes, the transversal size and the lens’ convergence, the lenses’ classification and the image analysis 
of an object through a convergent lens, respectively through a divergent lens, the optic instruments classification on 
type of real or virtual image that it forms.  
We have realized this conceptual map having as an objective the systematization of the taught notions at the 
theme “Lenses”. 
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Figure 5 The conceptual map – Lenses 
 
 In learning Physics the usage of the conceptual maps presents a series of advantages such as: the organization of 
known knowledge and the creation of conditions for the new assimilations, the assurance of the new notions 
integration into the existing structure of knowledge, facilitates the understanding of concepts and assures the 
application of theoretical knowledge into practice, develops the synthesis capacity and avoids the usage of long 
explicative expressions. Also, through the concepts connections, deposes the education based exclusively on 
memorization, blazing the opportunities to a process of active and aware learning. So, it stimulates the one who 
gives a great importance to the existing relations between the concepts and which can be used in the of some both 
individually and group activities. 
3.3 The conceptual map in the evaluation of some Physics notions  
As an evaluation method we have used this technique to estimate the connections’ level which the pupils have 
and to adopt the best decisions as to optimize the educative instructive activity at Physics. 
For a more efficient implementation of the “Reflection of light” concept, a conceptual map was applied in the 
didactic process (figure 6), with this studying objective the selection, stocking, presenting chart of processed 
information from bibliographic sources, representing graphically the levels of this realization.  
We have proposed to the pupils to complete this conceptual map strictly directed to the theme “Reflection of 
light“, offering to the pupils both the concepts which are to be completed and the references. The systematized 
character of the knowledge supposes the integration of new knowledge into the previous ones.  
The evaluator of a cognitive map can take into consideration the quality of the correct information or calculating 
the percentage of correct affirmations given by the pupil. 
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Figure 6. The conceptual map – The reflection of light 
 
In the Physics knowledge evaluation, the conceptual maps represent a series of advantages like: they reflect all 
the correct information and facilitate the percentage of the correct affirmations given by the pupils calculation 
regarding all the affirmations, establishing the correct – incorrect report, simplifies the performances evaluation 
because it reveals the way how the pupils think and use what they have learnt. Also, the standards on the conceptual 
maps can be evaluated with accuracy and consistency because the evaluation criteria are based on the correct 
information total.  
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Another example of test for the knowledge evaluation obtained in the chapter “Waves”, 11th grade, can be the 
conceptual map in the figure 7.  
 
 
Figure 7. The conceptual map – Evaluation chapter “Waves” 
3.4 The conceptual map in teaching some interdisciplinary notions  
An example of conceptual map for interdisciplinary usage is the one from the image in figure 8. Here we try the 
synthesis of the information connected to the solar energy on Earth conversion. 
 
 
 
Figure 8. The conceptual map – The solar energy conversion on Earth 
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4. Conclusions  
The constructivist theory of learning motivates the fact that the new knowledge must be integrated in the already 
existing knowledge structure. 
The conceptual maps encourage this process through the one who learns to pay attention to the existing relations 
between concepts. Presenting themselves as knowledge nets, they facilitate the understanding, knowledge and the 
simple applicability of the theoretical knowledge of Physics into practice. They can neither be learnt nor evaluated 
without being connected. They allow the visualization of the relations between the pupil’s knowledge and not only, 
and the schematization is realized for the knowledge synthesizing and avoiding the usage of the long explicative 
expressions. The performances evaluation at Physics through this method is simplified by this technique because it 
reveals the way the pupils think and how they use what they have learnt.  
The conceptual map method develops cognitive capacities (identification, examination, definition, interpretation, 
correlation, formulation, building); evaluation and self-evaluation capacities; team work abilities; attitudes, develops 
the critical and creative thinking of the pupils. It also stimulates the motivation: the conceptual maps include the 
curiosity, the creativity and the thinking of higher order which are stimulated by relevant, authentic and optimal 
difficulty and original for every pupil learning objectives. 
In our article we have used conceptual maps with the following objectives: 
x to underline the connections and relations between concepts in studying Physics; 
x to draw connections with the themes and concepts studied during different school subjects (this thing allows 
an integrated approach of the school knowledge and encourage the pupils to use what they have learnt from 
another subject, or outside the scholar life, in different situations); 
x to synthesize the extended subjects content;  
x to evaluate the pupils’ performances at Physics because they reveal the way how they think and use what 
they have learnt. 
In this way we can reach the best level of understanding and assimilation of Physics by pupils, avoiding the 
tiredness, the boredom and unharmony. The method, unique in its way, goes to a remarkable success in learning 
Physics. It aims the involuntary memory, an unlimited time information stocking.  
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